Introduction {#sec1-1}
============

Diabetes mellitus (DM) is the most common endocrine metabolic disease.\[[@ref1]\] The prevalence of DM in Iran has been reported 7--17% and is increasing in most populations.\[[@ref2]\] Type 2 diabetes (T2D) is more common than T1D. The predisposing factors, high blood glucose, vascular insufficiency, neuropathy and various immunological disturbances, facilitate conditions for colonization of pathogenic fungi, including *Candida*, *Dermatophytes*, *Malassezia*, Zygomycetes, *Aspergillus*, and *Fusarium* species in DM patients.\[[@ref3][@ref4][@ref5]\] Therefore, screening and early detection of fungal infections in high-risk individuals is critical for prevention of grave complications such as foot amputation. In some diabetic patients, developing cutaneous lesions and nail infections has been documented.\[[@ref6]\] More than 75% of DM patients are at risk for diabetic ulcers. Diabetic foot ulcer is one of the most important complications in diabetic patients. About 15% of foot ulcers in diabetic patients lead to amputations. Although for every 30 s, one leg is amputated in the world due to DM, 80% of these cases are preventable.\[[@ref7]\] The foot lesions are often chronic and resistant to treatment. These ulcers are prone to secondary infections; bacterial, fungal, and viral.\[[@ref8]\] Poor controlled had significantly higher fungal infection in diabetic foot ulcers and require careful attention and management.\[[@ref9]\] There are rare reports about the diabetic foot ulcers and cutaneous fungal infections in patients with DM in Iran and also lack of comprehensive studies on the antifungal susceptibility patterns of the isolates in the world. Hence, we designed this study to determine the azole susceptibility (fluconazole (FCZ) on yeasts and itraconazole (ITC) on molds) of the isolated species to improve management of DM patients.

Materials and Methods {#sec1-2}
=====================

This was a cross-sectional descriptive study performed in Isfahan, Iran, from December 2014 to April 2015.

Sample collection {#sec2-1}
-----------------

The study population consisted of DM patients with cutaneous lesions admitted to the hospitals and diabetic centers of Isfahan in Iran. A questionnaire form was developed to record demographic data and medical history of the patients, type of diabetes, examination details, and type of the lesions. Patient-related data were collected in accordance with the applicable rules concerning the review of research ethics committees at Isfahan University of Medical Sciences and informed consent.

Identification {#sec2-2}
--------------

The foot ulcer samples, skin, and nail specimens of cutaneous lesions were sent to the laboratory for further processing. Species identification of yeast isolates was performed with standard procedures including morphology, cornmeal agar test, and CHROMagar Candida (HiMedia, Mumbai, India). All *Aspergillus* isolates were originally identified by macroscopic and microscopic morphology of conidia and conidia-forming structures. The isolates were cultured on sabouraud dextrose agar at 30°C for 1 week.

*In vitro* antifungal susceptibility testing {#sec2-3}
--------------------------------------------

*In vitro* antifungal susceptibility testing was performed using a broth microdilution method according to the Clinical Laboratory Standards Institute (CLSI) M27-A for yeasts and M38-A guidelines for filamentous fungi.\[[@ref10]\] The final concentrations of ITC (0.0313--16 μg/ml) and FCZ (0.125--64 μg/ml) performed in the wells.\[[@ref11][@ref12]\]

RPMI 1640 plus 2% glucose (pH 7.0) as the test medium and a final inoculum of 0.5--2.5 × 10^3^ colony-forming unit (CFU)/ml prepared spectrophotometrically for yeast and final concentration of 0.4--5 × 10^4^ CFU/ml for mold fungi. The microtiter plates were incubated at 35°C for 24--48 h and visual readings were performed with a microtiter reading mirror. The minimum inhibitory concentration (MIC) for the azoles was defined as the lowest concentration of the azole that inhibited the visible growth of the microorganism. Quality control strains *Candida parapsilosis* ATCC 22019, *Candida krusei* ATCC 6258, and *Aspergillus flavus* ATCC 204304 were used in all experiments by the CLSI recommended.\[[@ref13]\]

Isolates with MIC \<8z mg/ml were considered to be susceptible to FCZ whereas isolates with MIC \>64 mg/ml were considered to be resistant as well as isolates with MICs between 16 and 32 mg/ml were FCZ susceptible-dose dependent (S-DD).

Likewise, isolates were considered susceptible to ITC with MIC ≤1 μg/ml, intermediate with MIC 2 μg/ml and resistant isolates to ITC with MIC ≥4 μg/ml, according to the CLSI for mold fungi.

Statistical methods {#sec2-4}
-------------------

Baseline data of the participants between groups were compared by *t*-test and Chi-square test as appropriate IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp was used for statistical analyses.

Results {#sec1-3}
=======

One hundred and twenty-two patients participated in this study, 78 (64%) with T1D and 44 (36%) with T2D. From a total of nine patients with diabetic foot ulcers, five (55%) had a history of amputation and the mean of their blood glucose level were ≥200 mg/dl \[[Figure 1](#F1){ref-type="fig"}\]. More than 80% of patients with diabetic foot ulcers had a history of trauma and burns, and more than 50% of them had neuropathic ulcers. Baseline characteristics of the participants with fungal infections are presented in [Table 1](#T1){ref-type="table"}. The fungal infection was significantly different in two groups with two types of diabetes (*P* = 0.024). Among 122 DM patients, 75 with skin and nail lesions and 47 were with diabetic foot ulcers where thirty (24.5%) patients were affected with fungal infections. Frequency of fungal infection was 19.1% in patients with diabetic foot ulcer and 28% of patients with skin and nail lesions. Sixty-six percent of the diabetic foot ulcer lesions had culture-proven bacterial infections compared with 19% of the lesions were affected with *Candida* and *Malassezia* yeasts \[[Figure 2](#F2){ref-type="fig"}\] as well as 7 (14.8%) of these type lesions were found to be sterile. The most common fungal pathogen isolated from DM lesions was the genus *Candida*, so that *Candida albicans* (43.3%), *Candida glabrata* (16.6%), and *Malassezia* sp. (6.66%) were the most isolated yeasts, followed by the opportunistic molds; *A. flavus* (23.3%), *A. niger* (6.66%), and *A. terreus* (3.3%) \[[Table 2](#T2){ref-type="table"}\].
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Baseline characteristics of the participants with positive fungal infections
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###### 

Yeasts and molds isolated from the lesions of diabetic patients

![](ABR-6-71-g004)

Susceptibility testing carried out on 18 representative isolates (13 *C. albicans*, five *C. glabrata*) revealed that four isolates (22.2%) were susceptible (MIC, ≤8 mg/ml) to FCZ while 2 *C. glabrata* isolates in diabetic foot ulcers (11.11%) were (S-DD, MIC 16--32 mg/ml) and 12 isolates (ten *C. albicans* and two *C. glabrata* isolates) (66.6%) were resistant (MIC ≥64 mg/ml) to FCZ. Five of these isolates were recovered with diabetic foot ulcers and seven resistant isolates from skin and nail lesions. Likewise, eight isolates (80%) of *Aspergillus* spp. were resistant (MIC ≥4 mg/ml), one isolate (10%) was intermediate (MIC 2--4 mg/ml), and one isolate (10%) was susceptible (MIC ≤1) to ITC.

Discussion {#sec1-4}
==========

The present study exhibited a high frequency of fungal infection in diabetic and diabetic foot ulcer patients. Fungal infections are usually neglected aspects of cutaneous lesions in DM patients. Our findings indicated more than 80% of patients with diabetic foot ulcers had a history of trauma and burns, and more than 50% of them had neuropathic ulcers. In our study, *C. glabrata* showed the highest rate of intermediate susceptibility to the FCZ. Trauma and burns with an impaired leukocyte functions in diabetic patients with poorly controlled diabetes could be the risk factors for the high prevalence of fungal infection.\[[@ref14][@ref15][@ref16]\] In Seattle, 46% of the amputations were related to ischemia, 59% to infection, 61% to neuropathy, 81% to faulty wound healing, 84% to ulceration, 55% to gangrene, and 81% to initial minor trauma.\[[@ref17]\]

At the present study, we found two clinical isolates from diabetic patients had moderate resistance to FCZ. The lower sensitivity of Iranian isolates from DM patients and their increased MIC patterns of antifungal agents may be related to the geography of the subject population, the environment of the lesion and microbial flora that exist in the lesions. Meanwhile, the type of diabetes were significant in both diabetic foot ulcer or skin and nail groups with fungal infections, but the average duration of diabetes, age, weight, and the history of having underlying disease were not significantly different \[[Table 1](#T1){ref-type="table"}\]. In the present study, T2D was the most common type for skin and nail lesions whereas T1D was the most common type in foot ulcers patients. Surveillance studies indicate that azole-resistance is increasing in yeast species, and several alterations of the gene encoding 14-demethylase (ERG11/cyp51) have been reported for FCZ-resistant clinical isolates of *C. albicans*.\[[@ref18][@ref19]\] In the recent decade, there has been a significant increase in infections caused by non-*albicans* species of *Candida*, particularly, *C. glabrata* and *C. krusei*.\[[@ref20]\] The greatest concern for FCZ resistance is related to *C. glabrata* and in the current study; we found two *C. glabrata* isolates with moderate resistance to FCZ (susceptibles dosis dependiente) in diabetic foot ulcers.

From a total of 100 DM patients in Delhi, 64% showed one or more cutaneous manifestations. They reported 11 patients with dermatophytosis, two patients with candidal intertrigo and one patient with candidal paronychia.\[[@ref21]\] However, at the present study, frequency of fungal infection was 19.1% in patients with diabetic foot ulcer and 28% of patients with skin and nail lesions. Bansal *et al*., in 2008, evaluated a range of microbial flora in diabetic foot ulcer in India. They found about 91% and 9% of the lesions were affected by bacteria and fungi, respectively.\[[@ref22]\] We found twice more yeast infections in diabetic foot ulcers in Isfahan, and the same results were reported by Saba *et al*. in another province of Iran in 2008.\[[@ref23]\] Our findings described the genus *Candida*, and particularly *C. albicans* has been the most predominantly isolated fungus from diabetic foot ulcers like the other reports from India and Iran.\[[@ref22][@ref23]\] In another study done in Zagreb, *Candida parapsilosis* was identified as prominent yeast in these type of lesions.\[[@ref24]\] In a study done by Lugo-Somolinos and Sánchez was showed that 31% of dermatophytosis diabetic patients had culture-proven fungal infections compared with 33% of the control group.\[[@ref25]\] In our study, although dermatophytosis was not found among the75 DM patients with skin and nail lesions but fungal infection was found in 19.1% patients with diabetic foot ulcer. However, from the total of 122 DM patients, 30 (24.5%) of the yeasts (*Candida*, *Malassezia*) and the molds *Aspergillus* spp. were identified \[[Table 2](#T2){ref-type="table"}\]. Literature data on the frequency of fungal infection on different type of cutaneous lesions is significantly different. Gupta *et al*. showed that diabetic patients with onychomycosis were more at risk for diabetic ulcers and gangrene (12.2%) than normal individuals with onychomycosis.\[[@ref26]\] [Table 2](#T2){ref-type="table"} shows C. albicans is the most common yeast isolated from the diabetic foot ulcer, skin and nail lesions and A. flavus was the most prominent causative agent of onychomycosis in DM patients in Isfahan. Dorko *et al*., in a study on DM patients in Slovakia, found that *C. albicans* was the most frequent yeast in patients with onychomycosis followed by *C. parapsilosis*.\[[@ref27]\] A literature review about determining the antifungal sensitivity of the isolates from cutaneous and diabetic foot ulcers are very scarce; however, in a study done on the yeasts isolated from oral lesions from diabetic and nondiabetic subjects; no differences were observed in antifungal susceptibility of the six agents tested between *Candida* isolates. The authors describe the difference in the antifungal resistance of the isolates from the two populations of DM patients may be related to the differences in the therapeutic management of candidal infections between the two local areas.\[[@ref28]\] Choice of appropriate treatment and correct monitoring of fungal cutaneous infections can prevent significant morbidity in patients with diabetes. Terbinafine and ITC have been used to treat onychomycosis in DM patients have efficacy and safety profiles comparable to those in the nondiabetic population.\[[@ref29]\] No breakpoints are established for *Aspergillus* sp. susceptibility is defined as ≤2 mg/L for ITC.

Conclusion {#sec1-5}
==========

Our findings showed high prevalence of fungal infection in diabetic and diabetic foot ulcer patients, and *C. albicans* was the prominent fungus isolated from these patients. Wise consideration of the possibility of fungal infections, early recognition, and appropriate treatment ensure rapid healing and eliminate amputation risk, minimize mortality, and costs.
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